Atomistic simulations of segregation to (100) free surface in Ag-Au, Au-Pd, and Cu-Ni alloy systems have been performed for a wide range of temperatures and compositions within the solid solution region of these alloy phase diagrams. In addition to the surface segregation profiles, surface free energies, enthalpies, and entropies were determined. These simulations were performed within the framework of the free energy simulation method, in which an approximate free energy functional is minimized with respect to atomic coordinates and atomic site occupation. The effects of the relaxation with respect to either the atomic positions or the atomic concentrations are discussed. For all alloy bulk compositions (0.05 < C < 0.95) and temperatures (400 < T(K) < 1,100) examined, Ag, Au, and Cu segregates to the surface in the Ag-Au, Au-Pd, and Cu-Ni alloy systems, respectively. The present results are compared with several theories for segregation. The resultant segregation profiles in Au-Pd and Ag-Au alloys are shown to be in good agreement with an empirical segregation theory, while in Cu-Ni alloys the disagreement in Ni-rich alloys is substantial. The width of the segregation profile is limited to approximately three to four atomic planes. The surface thermodynamic properties depend sensitively on the magnitude of the surface segregation, and some of them are shown to vary linearly with the magnitude of the surface segregation.
Introduction
Alloying elements and impurities often segregate to the surface or near-surface region of a solid. Since many material properties depend on surface properties, segregation plays an important role in such diverse phenomena as: catalysis, chemisorption, corrosion, thermionic emission, crystal growth, etc. Therefore, an understanding of these surface phenomena requires a knowledge of not only the structure of the surface, but also of the surface composition. The surface composition, in turn, depends on the surface segregation thermodynamics. The focus of the present work is the application of the recently introduced, free-energy simulation method [1] [2] [3] [4] to the determination of the equilibrium structure, composition, and thermodynamics of alloy surfaces. In particular, the present paper examines (100) surfaces in Ag-Au, Au-Pd, and Cu-Ni alloys. The segregation profiles and the related thermodynamic properties in these three alloy systems are determined, and the agreement between the present results and several segregation theories are discussed.
A century ago, Gibbs [5] predicted that one of the components of an alloy will segregate to a surface if the surface tension decreases Wang, Najafabadi, Srolovitz, and LeSar when the surface concentration of that component increases. Unfortunately, very little is known about the composition dependence of the surface energy. Therefore, many alternative approaches for predicting surface segregation have been suggested [6] [7] [8] . Thirty-five years ago, McLean [9] proposed a segregation model which is a variant of Langmuir's classical surface adsorption isotherm and is valid for both segregation to grain boundaries and free surfaces. This model reduces to the following prediction:
where C1 is the interracial concentration of the impurity or solute; CB is the bulk solute concentration; and AG is the partial atomic excess free energy of segregation or the heat of segregation, and is taken as a constant. This expression ignores all interactions between impurity atoms, and limits the interracial segregation to a single atomic plane consisting of equivalent atomic sites. These restrictions suggest that equation (1) is only approximate and is most appropriate for dilute interracial and bulk concentrations.
McLean further estimated the driving force for adsorption as the strain energy of the solute in the bulk. This assumes that the strain energy induced by the size difference between solute and solvent would be eliminated completely by the exchange of a solute atom in the bulk with a solvent atom at the surface. With such an assumption, solute segregation to the surface will always occur. This, of course, cannot explain several experimental observations in which the surface becomes enriched in solvent atoms.
In contrast to the McLean approach, Delay [10] estimated the heat of segregation (initially for surface segregation of liquid solution, but also valid for solid solutions) by evaluating the change in the number of nearest neighbor bonds that occurs when an atom of the segregating species, located in the bulk, exchanges positions with an atom of the other species, located at the surface. This method (known as a regular solution, lattice gas, or bond-breaking model) was later extended to include four distinct surface layers by Williams and Nason [11] . For a mono-layer surface model, this leads to the following heat of segregation:
where AH, ub is related to the difference between the sublimation energies of A and B atoms: w is the regular solution parameter defined as CAB --0.5(~AA + EBB); CAB, 8AA, EBB are the nearest neighbor interaction energies be- tween A -B, A -A, and B 
It was shown that when 6 is chosen optimally, equation (3) leads to accurate segregation predictions [12, 14, 15] . Unfortunately, 6 can only be obtained by fitting to experiment data. According to the bond-breaking models, the component having the lower heat of sublimation will always segregate to the surface, which contradicts experimental observation of segregation of minority species with higher binding energies in very dilute alloys. Wynblatt and Ku [16] replaced the sublimation energy term in equation (2) with the difference of surface energy of the two elements (solute and solvent), and calculated the regular solution parameter from the heat of mixing. In this model, the heat of segregation is given as
